Background {#Sec1}
==========

Nutritional adequacy implies sufficient intake of essential nutrients needed to meet nutritional requirements not only for optimal health, but also for the prevention of nutrient-deficiency diseases as well as chronic diseases \[[@CR1]\]. Mediterranean diet is a dietary pattern with high nutritional adequacy including a healthy profile of fat intake, low glycemic index and high content of dietary fiber. Moreover, the Mediterranean diet has been proposed to be used in public health nutrition policies in order to prevent micronutrient deficiencies \[[@CR2]--[@CR5]\].

Trends in food consumption and nutrient intake assessment are essential for re-evaluating dietary guidelines. Epidemiological research confirms that the prevalence of suboptimal micronutrient intakes across Europe is an emerging concern in terms of public health \[[@CR6]\]. In fact, previous investigations have reported trends in food consumption and dietary habits \[[@CR7]--[@CR12]\], nutrient intake \[[@CR13]--[@CR19]\] in prospective cohorts participants, showing disparities in diet quality change. In general, trends seem to be in the direction to a healthier diet.

In Spain, energy and nutrient intakes of adult population have markedly changed in the last 40 years and now, dietary habits differ from the traditional Mediterranean diet according to the nationwide representative Food Consumption Survey for the period 2000--2012 \[[@CR20]\].

The Seguimiento Universidad de Navarra (SUN) is a prospective cohort mainly constituted by health care professionals \[[@CR21]\] (54.5 % of participants), who are regularly assessed for their dietary habits. Participation in a cohort study may probably affect the eating habits of participants. The higher educational level of this cohort may influence dietary habits. A recent systematic review provides evidence of positive, although weak, association between nutrition knowledge and dietary intake \[[@CR22]\]. An important exemplary role in the adoption or departure from healthy eating patterns is played by some sectors of the population with higher levels of education, whose lifestyles are eventually adopted also by the rest of the society. In addition, health professionals have the potential to provide nutrition care that improves the nutrition behaviour and risk factors in individuals with lifestyle-related chronic disease \[[@CR23]\]. Furthermore, health professionals with healthy habits are more committed to promoting healthy behaviours than those with unhealthy lifestyles regarding smoking, alcohol consumption, physical activity or weight management \[[@CR24], [@CR25]\]. But despite being educated in health promotion practice, health professionals' behaviours, including dietary intake, may not be exemplary \[[@CR26]\].

From this point of view it is interesting to assess trends in dietary intakes and food patterns in this Mediterranean cohort of Spanish university graduates. However, there are not epidemiological studies that have shown changes in food consumption in longitudinal Mediterranean cohort studies which provide evidence of variations in subjects who can be revisited on several occasions.

To our knowledge, this is the first study to address the change in diet in a Mediterranean cohort. The aims of this work were to evaluate within-subject longitudinal changes in food consumption and nutrient intakes and also to compare nutritional inadequacy after 10 years of follow up. Our hypothesis was that certain improvements in dietary quality should be expected because of the social influence that nutritional epidemiology may have exerted in the Spanish population, especially in its best educated sectors, and also because of the voluntary long-term participation of the assessed university graduates in an epidemiological cohort.

Methods {#Sec2}
=======

Study population {#Sec3}
----------------

The objectives, design, and methods of the SUN project have been described elsewhere \[[@CR21], [@CR27]\]. The SUN project is a multipurpose, dynamic cohort designed to assess the association between diet and several chronic diseases and health conditions. It was developed following the models of the Nurses' Health Study and the Health Professionals Follow-up Study. The recruitment of participants started in December 1999 and it is permanently open. After the initial questionnaire, additional questionnaires are mailed every 2 years in order to follow-up the participants.

Participants who completed a baseline Food-Frequency Questionnaire (FFQ_0) and the same FFQ after 10 years of follow-up (FFQ_10) were eligible for these longitudinal analyses (n = 4218). Participants in the SUN study who were recruited less than 10 years before the closing date of December 1, 2,013 (n = 21705), those who failed to complete the 10-y assessment (n = 16818) and those who completed the 10-y assessment but did not answer the FFQ (n = 669) could not be included in our analyses. Among the available 4218 participants, we excluded those with extreme values for total energy intake in FFQ_0 or FFQ_10 (\<800 or \>4000 kcal/day for men and \<500 or \>3500 kcal/day for women) (n = 324) \[[@CR28]\] and those who were outside of predefined values of any micronutrient intake in FFQ_0 and FFQ_10 (3 or more standard deviations from both sides of the mean) (n = 858). Finally, data from 3076 participants were included in our analyses.

This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects/patients were approved by the Institutional Review Board at the University of Navarra. We considered a response to the initial questionnaire as informed consent to participate in the study.

Assessment of dietary exposure {#Sec4}
------------------------------

Dietary habits at baseline were assessed using a FFQ with 136 items, previously validated in Spain \[[@CR29], [@CR30]\]. This questionnaire assessed food habits in the previous year. There were nine possible answers (ranging from never/almost never to 6+ times per day). The questionnaire was semi-quantitative, i.e., for each food, a standard portion size was specified. Nutrient intake was calculated by multiplying the frequency of consumption by the nutrient content of the specified portion, using data from Spanish food composition tables \[[@CR31], [@CR32]\]. Furthermore, the average intake of micronutrients from dietary supplements was added to the intake from foods, taking into account the consumption declared over the past year.

We evaluated at baseline and after 10 years of follow-up, the intakes of Zn, I, Se, Fe, Ca, K, P, Mg, Cr and vitamins B~1~, B~2~, B~3~, B~6~, B~12~, C, A, D, E and folic acid, as well as the consumption of 15 selected foods (g/d) and adherence to the Mediterranean dietary pattern. Besides, we calculated nutrient (mg or μg/1000 kcal) and food density (g/1000 kcal) in FFQ_0 and FFQ_10. Only for those nutrients or foods with higher percentage of change in 10 years of follow-up, we study their changes according to the year of baseline questionnaire to evaluate temporal trends in changes of each dietary variable.

The prevalence of inadequate intake of macronutrients was studied comparing to national nutritional objectives of Spanish Society of Community Nutrition (2011) \[[@CR33]\]. For vitamins or minerals, the probability of intake adequacy was calculated by comparing the intakes of these micronutrients with the estimated average requirements (EAR) when these were available or adequate intake levels, if not, as proposed by the Institute of Medicine \[[@CR34]\]. On the other hand, intake adequacy for sixteen micronutrients (all, but Cr, K and Fe) was also evaluated using the probabilistic approach \[[@CR35]\].

Finally, adherence to the Mediterranean dietary pattern was assessed by a priori 9-point Mediterranean-diet scale as proposed by Trichopoulou et al. that incorporated the salient characteristics of this diet (range of scores, 0 to 9, with higher scores indicating greater adherence) \[[@CR36]\].

We repeated the analyses after excluding those participants who consumed dietary supplements baseline and after 10-years of follow-up (n = 1028). Analyses were also stratified by sex because of potential differences in nutrient intake and food consumption between two groups. We also compared health professionals versus non-health professionals.

Assessment of other variables {#Sec5}
-----------------------------

The baseline questionnaire also collected information on a wide array of characteristics, including socio-demographic variables, health-related habits, and clinical variables.

We assessed physical activity at baseline using a previously validated questionnaire in Spain which included information about 17 activities \[[@CR37]\]. The time spent in different activities was multiplied by the MET (Metabolic Equivalent Score) specific to each activity, and then the MET score were summed over all activities to obtain a value of overall weekly MET hours.

Statistical analysis {#Sec6}
--------------------

We described the baseline characteristics of participants using means (SD) or percentages for each variable. To evaluate within-subject longitudinal changes in food consumption and nutrient intake after 10 years of follow-up we used paired Student's *t* test. Within-group differences are expressed as means and 95 % confidence intervals (CI).

To compare paired proportions of prevalence of inadequate intake we used conditional logistic regression. Odds Ratios (OR) (95 % CI) were calculated for each nutrient's or food inadequate intake at 10-years of follow-up versus inadequate intake at baseline. Stratified analyses were performed to assess whether the professional group (health professional versus non-health professionals) or sex modified this association. In sensitivity analyses we excluded participants who used dietary supplements at baseline or after 10-years of follow-up.

Analyses were performed with STATA version 12 (STATA Corp., TX, USA). All P values are two-tailed and statistical significance was set at the conventional cut-off of *P* \<0.05.

Results and discussion {#Sec7}
======================

The baseline and 10 years characteristics of the 3036 participants in the SUN cohort with enough follow-up time and available data after 10 years are summarized in Table [1](#Tab1){ref-type="table"}. After 10 years follow-up, the prevalence of hypertension and hypercholesterolemia, dietary supplement use, following a special diet, and Mediterranean diet adherence were higher than at baseline, whereas a decrease in smoking rate was observed during follow - up.Table 1Characteristics of participants \[mean (standard deviations) or percentages\], baseline to 10-years of follow-upBaseline10 years of follow-up*p* valueN30363036Age (years)35. (10.1)45.8 (10.1)\<0.001Men (%)44.244.2BMI (kg/m^2^ )23.2 (3.2)24.1 (3.5)\<0.001Physical activity during leisure time (METs-h/week)18.8 (20.7)-Smoking status:Former smokers (%)24.627.7^a^\<0.001Current smokers (%)26.514.8^a^\<0.001Hypertension (%)4.96.0\<0.001Diabetes (%)1.01.0\<0.001Hypercholesterolemia (%)14.715.1\<0.001Educacional level (years of university education)5.1 (1.5)-Dietary supplement use14.419.8\<0.001Following a special diet5.69.4\<0.001Mediterranean diet score4.3 (1.7)4.8 (1.6)\<0.001^a^Data to 8-years of follow-up

Changes in selected food consumption and macronutrient intake from baseline to ten of years of follow-up are shown in Table [2](#Tab2){ref-type="table"}. Participants showed a significant (*p* \< 0.001) increase in the consumption of fruits (+21.1 g/d), vegetables (+39.7 g/d), low-fat dairy (+58.6 g/d), lean meat (+5.3 g/d), fish (+2.5 g/d), whole grains (+5.0 g/d), refined grains (+5.7 g/d) and nuts (+3.3 g/d). Reductions in the consumption of legumes (−1.6 g/d), whole-fat dairy products (−100.6 g/d), red meat (−14.6 g/d), sugar-sweetened beverages (−28.8 g/d) and wine (−3.5 g/d), were also observed. With respect to energy and macronutrient distribution, the most relevant changes were found in a higher proportion of energy from carbohydrates (1.5 % E), increased fiber intake (+1.8 g/d), and a decrease in total energy intake (−62.0 kcal/d), total fat proportion (−1.7 % E) and dietary cholesterol intake (−39.3 mg/d).Table 2Changes in consumption and intake \[mean (standard deviations)\], baseline to 10 years of follow-upBaseline10 years of follow-upMean ChangeChange*P* value(95 % CI)PercentageN30363036Fruits (g/d)284.7 (228.2)305.8 (242.1)21.1 (12.2, − 29.9)7.4\<0.001Vegetables (g/d)460.3 (247.3)500.0 (258.9)39.7 (30.1, − 493)8.6\<0.001Legumes (g/d)21.5 (15.6)20.0 (14.7)−1.6 (−2.6, −0.9)−7.4\<0.001Dairy products Low-fat dairy (g/d)166.5 (191.5)225.1 (187.9)58.6 (50.6, 66.5)35.2\<0.001 Whole-fat dairy (g/d)227.4 (190.4)126.8 (140.2)−100.6 (−107.4, −93.7)−44.2\<0.001Meats180.7 (73.0)166.9 (73.5)−13.8 (−16.6, −11.0)−7.6\<0.001 Red (g/d)82.8 (45.0)68.2 (40.7)−14.6 (−16.3, −13.0)−17.6\<0.001 Lean (g/d)42.6 (28.2)48.1 (32.1)5.3 (4.0, 6.6)12.4\<0.001Fish (g/d)87.4 (46.6)89.9 (50.7)2.5 (0.6, 4.5)2.90.011Whole grains (g/d)9.4 (25.7)14.5 (32.7)5.0 (3.7, 6.3)53.2\<0.001Refined grains (g/d)103.4 (69.5)109.1 (75.2)5.7 (2.3, 8.8)5.5\<0.001Olive oil (g/d)18.1 (14.4)18.2 (14.8)0.1 (−0.5, 0.7)0.60.673Nuts (g/d)6.3 (9.3)9.6 (15.0)3.3 (2.8, 3.9)52.4\<0.001Sugar-sweetened beverages (g/d)49.1 (89.6)20.3 (63.4)−28.8 (−32.2, −25.4)−58.7\<0.001Alcohol (g/d)^a^6.9 (9.5)7.2 (10.4)0.3 (−0.01, 0.7)47.80.055Wine (g/d)29.4 (1.2)25.9 (1.0)−3.5 (−5.8, −1.2)−11.90.003Energy (kcal)2257 (583)2195 (650)−62.0 (−87.0, −37.0)−2.7\<0.001Total protein (% E)18.2 (3.0)18.3 (3.4)0.1 (−0.1, 0.2)0.50.244Total CH (% E)42.0 (6.9)43.4 (7.4)1.5 (1.2, 1.8)3.6\<0.001Fiber (g/d)24.3 (9.4)26.0 (10.7)1.8 (1.4, 2.2)7.4\<0.001Total fat (% E)37.7 (6.1)36.0 (6.4)−1.7 (−2.0, −1.5)−4.5\<0.001SFA (% E)12.8 (3.0)11.6 (3.0)−1.2 (−1.3, −1.0)−9.4\<0.001MUFA (% E)16.3 (1.6)15.4 (3.7)−0.8 (−1.0, −0.7)−4.9\<0.001PUFA (% E)5.5 (3.5)4.8 (1.4)−0.7 (−0.7, −0.6)−12.7\<0.001w-3 fatty acids (%E)1.1 (0.4)1.0 (0.4)−0.1 (−0.11, −0.07)−9.1\<0.001w-6 fatty acids (%E)7.8 (4.4)6.2 (3.3)−1.6 (−1.8, −1.5)−20.5\<0.001Cholesterol (mg/d)410.9 (132.4)371.6 (128.1)−39.3 (−44.6, −34.0)−9.6\<0.001^a^Among drinkers

The consumption of whole-fat dairy products (−44.2 %), red meats (−17.6 %), sugared-sweetened beverages (−58.7 %) and wine (−11.9 %) had shown marked decreases after 10 years of follow-up, while the consumption of low-fat dairy products (35.2 %), lean meat (12.4 %), whole grains (53.2 %), nuts (52.4 %) and alcohol (47.8 %) showed an important increasing trend (Table [2](#Tab2){ref-type="table"}). With respect to nutrient intake, we found a decrease in total fat (−4.5 %), SFA (−9.4 %), MUFA (−4.9 %), PUFA (−12.7 %), w-3 (−9.1 %) and w-6 fatty acids (−20.5 %) and cholesterol intakes (−9.6 %) and an increase in carbohydrates (3.6 %) and fiber (7.4 %).

Table [3](#Tab3){ref-type="table"} shows changes in micronutrient and food density referring to 1000 kcal. After 10 years of follow-up, participants showed a significant (*p* \< 0.001) increase in nutritional density of Zn (+1.3 mg/1000 kcal), Fe (+0.2 mg/1000 kcal), K (+77.4 mg/1000 kcal), Mg (+9.5 mg/1000 kcal), vitamin B~3~ (+0.2 mg/1000 kcal), vitamin B~6~ (+0.08 mg/1000 kcal), vitamin C (+9.8 mg/1000 kcal), vitamin A (+66.2 μg/1000 kcal) and folic acid (+14.9/1000 kcal). We only observed a significant decrease in nutritional density of iodine (−7.0 μg/1,000 kcal) and vitamin B~12~ (−0.3 μg/1,000 kcal). With respect to changes in selected food density referring to 1000 kcal, trends were similar than observed changes in g/d.Table 3Changes in nutrient and food density, baseline to 10 years of follow-upBaseline10 years of follow-upChange*P* valueMean (95 % CI)N30363036Fruits (g/1000 kcal)128.8 (1.9)141.5 (1.9)12.7 (8.7, 16.6)\<0.001Vegetables (g/1000 kcal)212.3 (2.4)237.9 (2.3)25.6 (20.8, 30.5)\<0.001Legumes (g/1000 kcal)9.8 (0.1)9.4 (0.1)−0.4 (−0.7, −0.1)0.01Dairy products (g/1000 kcal) Low-fat dairy (g/1000 kcal)80.0 (1.7)111.6 (2.1)31.6 (27.2, 36.1)\<0.001 Whole fat dairy (g/1000 kcal)99.1 (1.5)56.4 (1.6)−39.2 (−43.5, −34.9)\<0.001Meats (g/1000 kcal)81.2 (0.5)77.9 (0.6)−3.3 (−4.7, −2.0)\<0.001 Red (g/1000 kcal)37.2 (0.4)31.8 (0.3)−5.4 (−6.3, −4.6)\<0.001 Lean (g/1000 kcal)19.7 (0.3)22.9 (0.3)3.3 (2.6, 3.9)\<0.001Fish (g/1000 kcal)40.6 (0.4)43.1 (0.5)0.5 (1.5, 3.5)\<0.001Whole grains (g/1000 kcal)4.4 (0.2)6.9 (0.3)2.4 (1.8, 3.0)\<0.001Refined grains (g/1000 kcal)44.5 (0.6)48.5 (0.5)3.5 (2.4, 4.7)\<0.001Olive oil (g/1000 kcal)8.0 (0.1)8.2 (0.1)0.2 (−0.01, 0.5)0.07Nuts (g/1000 kcal)2.7 (0.1)4.2 (0.1)1.5 (1.3, 1.8)\<0. 001Sugared-sweetened beverages (g/1000 kcal)21.7 (0.7)8.9 (0.5)−12.7 (−14.2, −11.3)\<0.001Alcohol (g/1000 kcal)3.1 (0.1)3.3 (0.1)0.2 (0.1, 0.4)0.001Wine (g/1000 kcal)13.1 (0.5)12.0 (0.5)−1.2 (−2.2, 0.2)0.02Zn (mg/1000 kcal)6.9 (2.9)8.2 (5.5)1.3 (1.1, 1.5)\<0.001I (μg/1000 kcal)143.0 (76.9)136.0 (84.2)−7.0 (−10.4, −3.7)\<0.001Se (μg/1000 kcal)42.3 (11.8)42.6 (12.7)0.3 (−0.2, 0.8)0.229Fe (mg/1000 kcal)7.3 (1.9)7.5 (1.7)0.2 (0.1, 0.3)\<0.001Ca (mg/1000 kcal)510.7 (197.6)514.9 (176.5)4.2 (−2.8, 11.2)0.241K (mg/1000 kcal)1965.0 (458.7)2042.4 (503.4)77.4 (59.4, 95.4)\<0.001P (mg/1000 kcal)821.4 (190.7)830.8 (178.2)9.4 (2.6, 16.2)0.007Mg (mg/1000 kcal)172.3 (32.6)181.7 (35.8)9.5 (8.2, 10.8)\<0.001Cr (μg/1000 kcal)38.5 (11.2)38.5 (12.0)0.01 (−0.5, 0.5)0.967Vitamin B~1~ (mg/1000 kcal)0.8 (0.2)0.8 (0.3)0.03 (0.02, 0.04)0.020Vitamin B~2~ (mg/1000 kcal)1.0 (0.2)1.0 (0.3)0.0 (0.0, 0.0)0.972Vitamin B~3~ (mg/1000 kcal)18.3 (3.9)18.5 (4.3)0.2 (0.03, 0.4)\<0.001Vitamin B~6~ (mg/1000 kcal)1.2 (0.3)1.2 (0.4)0.08 (0.06, 0.09)\<0.001Vitamin B~12~ (μg/1000 kcal)4.2 (2.2)3.9 (1.9)−0.3 (−0.3, −0.2)\<0.001Vitamin C (mg/1000 kcal)113.0 (54.4)122.9 (58.9)9.8 (7.6, 12.0)\<0.001Vitamin A (μg/1000 kcal)778.0 (480.1)844.1 (503.5)66.2 (43.3, 86.0)\<0.001Vitamin D (μg/1000 kcal)1.6 (0.02)1.3 (0.02)−0.004 (−0.05, 0.04)0.877Vitamin E (mg/1000 kcal)3.2 (0.03)3.1 (0.03)−0.04 (−0.1, 0.02)0.139Folic acid (μg/ 1000 kcal)172.3 (36.8)187.1 (109.1)14.9 (10.9, 18.9)\<0.001

The percentage of participants who increased (to any extent) their consumption of several food groups during 10-years of follow-up is presented in Fig. [1](#Fig1){ref-type="fig"}. Participants were more likely to exhibit the following favorable dietary changes: an increase in the consumption of fruits, vegetables, fish and low-fat dairy products and a reduction in the consumption of whole fat dairy, red meats, sugared-sweetened beverages and wine.Fig. 1Percentage of participants who increased their consumption of food groups

On the other hand, the change in dietary variables was also assessed regarding the year of baseline questionnaire (Fig. [2](#Fig2){ref-type="fig"}). With respect to food consumption, changes in sugared-sweetened beverages, whole and low-fat dairy were higher among participants who were recruited in the first years of the SUN project (1999/2000), while the increase in nuts consumption was higher among subjects who entered in the cohort in 2003 than in 1999/2000.Fig. 2Ten-year change in food consumption according to year of baseline questionnaire. \* p for trend \< 0·001. s/d: servings/day. s/wk: servings/week.Sugared-sweetened beverages: 200 ml/s. Whole grains: 60 g/s. Nuts: 50 g/s. Whole and low fat dairy product: 200 g/s

Finally, with respect to nutrient intake, the higher changes after 10-year follow-up were observed for cholesterol, w-6 and w-3 fatty acids, PUFA, SFA and fiber (Fig. [3](#Fig3){ref-type="fig"}). For all these dietary variables, except for fiber, we observed reductions in intake as compared to baseline, although the higher decreases were mainly among participants who were recruited in 1999/2,000 or 2001 (p for trend in all variables \< 0.001).Fig. 3Ten -year change in nutrient intake baseline according to year of baseline questionnaire. \* p for trend \< 0.001

Finally, we calculated the risk of inadequate nutrient intake after 10 years of follow-up. Significant increases in the percentage of participants with intakes under the EAR at 10-years of follow-up versus intake at baseline was found for vitamin E, w-6 and w-3 fatty acids, I, Se, MUFA and Ca. On the other hand, the percentage of non-compliers with the national nutritional objectives or EAR values was lower at 10-years of follow-up for adherence to the Mediterranean dietary score, cholesterol, vitamin C and fiber (data not shown).

We repeated the analyses after excluding participants who used dietary supplements at baseline or after 10-years of follow-up and stratified by profession at baseline (health professional versus non-health professionals) or by sex. In general, findings in the three sensitivity analyses supported the robustness of our main findings (data not shown).

In the present study, we investigated changes in nutrient intake and food consumption in a cohort of university graduates over a period of 10 years. To our knowledge, this is the first study to present data on change in dietary composition and quality over an extended period of time in participants of a large cohort of adults in a Mediterranean country.

In our sample, the proportion of participants consuming dietary supplements and following special diets has increased, although it is considerably lower comparing to published data from other cohorts \[[@CR38], [@CR39]\]. Regarding dietary supplements, a recent review \[[@CR40]\], showed that prevalence of use increase with age, and dietary supplement users tend to be better educated and have higher health-consciousness. In general, the reasons most often cited for supplement use are overall health and wellness to fill nutrient gap in their diet \[[@CR41]\]. According to the latest National Health Survey in Spain in 2012 \[[@CR42]\], the prevalence of following a special diet in the adult population was between 8.1--12.6 %, similar to our results. On the other hand, we observed a moderate increase of BMI and in the percentage of former smokers after 10 years of follow-up. This increase might be explained by several health interventions in last decades (smoke-free policies, price increases, and mass media campaigns) \[[@CR43]\]. Finally, we found also an increase in the prevalence of hypertension and hypercholesterolemia mainly because of the ageing of the cohort. Age is a well-known risk factor for the development of these diseases \[[@CR44], [@CR45]\].

We observed significant and positive changes in plants foods, in particular in the consumption of fruits, vegetables, whole grains, nuts, and in low-fat dairy and lean meats, whereas the consumption of some foods, that could be considered unhealthy, including whole fat dairy, red meats and sugared-sweetened beverages, decreased. We also found a significant decrease in energy intake, percentage of energy from fat, SFA, MUFA, PUFA, essential fatty acids and cholesterol, and an increase in carbohydrates and fiber intakes as well as a greater adherence to the Mediterranean Diet after 10 years of follow-up.

Previous research in Spain has provided evidence of trends in energy and nutrient intake during past decades using household consumption surveys \[[@CR46], [@CR47]\], food consumption survey \[[@CR20]\] or regional nutritional surveys \[[@CR48]--[@CR54]\]. However, none of those previous studies assessed the same individuals with repeated measurements of diet along the follow-up time.

In Spain, trends highlight a reduction in food sources of animal fats, especially the preference observed for low fat or fat-free dairy products in place of whole-milk derivatives \[[@CR51]\]. A similar decline has been found in dairy products, legumes, white bread and wine, which have being gradually replaced by beer, and the increase in vegetable and fruits consumptions \[[@CR20], [@CR47]\]. Furthermore, the mean energy intake and the percentage of energy from carbohydrates were clearly lower than several decades before \[[@CR20]\]. In this sense, the Spanish diet currently differs somewhat from the traditional and healthy Mediterranean diet \[[@CR20], [@CR47]\].

Worldwide, few studies have specifically examined longitudinal intra-individual changes in diet quality in adult and that have compared these changes with the national dietary recommendations \[[@CR8], [@CR11]--[@CR17], [@CR19]\]. In general terms, these cohorts have also shown improvements in food patterns, as we found in our investigation. In a Danish cohort with 2430 individuals aged 30--70 years, the main ten-year trend (1982--1984/1992--1994) in dietary habits was a decreased consumption of meat products, white bread and an increased consumption of fruit and raw vegetables among other foods \[[@CR12]\]. Similarly, the CARDIA study, over 20 years of observation in participants aged 18--30 years, reported an increase in the dietary quality scores and in the consumption of plant foods, lean meat and low-fat dairy products, whereas the consumption of fried potatoes, soft drinks, high-fat dairy and red meat decreased \[[@CR17]\].

The dietary habits of participants in the Finnish cohort of the MONICA study improved between 1982 and 1992 and showed continued but less pronounced improvement between 1992 and 2003. There was a reduction in the consumption of butter, high-fat milk products, eggs and sugar and an increase in the consumption of vegetable oils in cooking, low-fat and fat-free milk products. Overall, change was generally in a positive direction \[[@CR8]\]. Finally, several investigations about changes in diet and profile of energy and nutrient intakes in British birth cohort over 8 or 17 years, suggested that most of the trends observed are in line with the accepted dietary guidelines and with our results, such as the increased consumption of fruit and vegetable and a shift away from whole milk and red meat \[[@CR11], [@CR13], [@CR19]\]. By contrast, our results were discrepant with the findings of the Melbourne Chinese Cohort Study \[[@CR14]\] and in the Framingham Heart Study Offspring Cohort \[[@CR15], [@CR16]\], in relation to the consumption of foods rich in animal, the percentage of energy derived from fat, proteins and carbohydrates.

Moreover, we should take into account that quantitative comparisons with studies from other European countries or regions are difficult and their interpretation requires caution for several reasons. Among these reasons, the surveys were conducted with different samples or periods, evaluated distinct periods of follow-up and differences in methods for assessing dietary intakes. All these facts, limit direct comparisons.

Several factors may contribute to explain the reported favourable changes in the overall diet quality between 1999--2003 and 2010--2013 in this Mediterranean adult cohort. It is possible that SUN participants were particularly aware of their food habits and perhaps indirectly tried to improve them because of administered FFQ assessment or their participation in a longitudinal study. However, the SUN project is an observational study where participants receive every two years a self-administered general questionnaire, but the full-length FFQ is self-administered only twice along the study, at baseline and after 10 years of follow-up. Therefore, participants in the SUN cohort do not have any direct contact with an interviewer did not receive individualized dietary advice. Another potential explanation may be related to the increased availability of scientific evidence and the media impact of nutritional epidemiology. The every-other year bulletins that participants receive giving them feedback on the study, including also the results of the main published papers with their data- may have contributed to improve the dietary habits of participants. Most of these positive changes could also be attributed to improvements in food availability, nutrition policy, and an increased public awareness of the association between diet and chronic diseases or to the process of ageing. Another possible reason is that many of the observed changes in diet over the 10-year period were in line with many current population dietary recommendations, such as the 5-a-day plan for vegetables and fruits, as well as traditional recommendations, such as increasing fiber and decreasing fat in our diet \[[@CR33]\]. Thus, for example, our participants reduced their whole-fat dairy and sugared-sweetened beverage consumption, while they increased their consumption of low-fat and skimmed milk and whole grain products. These changes could be, in part, a consequence of a higher degree of compliance with the last Spanish dietary guidelines that emphasised the importance of preferring low-fat dairy and whole grains and moderating sugar intake. In fact, according to a recent study, the proportion of Spanish adults complying with the nutritional objectives for consumption of dietary fiber, folic acid, SFA, cholesterol, carbohydrate, and fruit has increased from 2000 to 2010 \[[@CR48]\]. Another explanation is that during the past decade, educational strategies have tended to shift from nutrients to an overall dietary pattern, with specific attention on varied consumption and on the health benefits of the Mediterranean diet. Thus, the public emphasis on healthier dietary patterns developed during the period under study may at least partially explain the increase in most characteristic ingredients in our participants. In addition, our participants had higher education level than the average population, since all of them were university graduates, and therefore could be faster than other sector in taking the public health messages up.

Our study has the following strengths. This is the first study, to our knowledge, measuring within the same participants with repeated measurements changes in food consumption and nutrient intake and inadequacy, among a large Mediterranean sample during a long follow-up period. Other strengths are the prospective design which avoids reverse causation bias present in cross-sectional studies, the large sample size, the high response rate and the high educational level of participants, which allows for a better understanding of the FFQ, the large follow-up period, the previous validation of the methods used to assess the dietary intake \[[@CR29], [@CR30]\] and the use of a wide range of scoring for each food portion (9 categories) in the FFQ.

However, our findings must be interpreted in the context of the study's limitations. First, our sample was small. However, among participants with 10 years of follow-up (n = 8245), 4887 filled the general questionnaire by internet, and among them, 4218 completed the 10-year full-length FFQ. Second, we used a self-reported FFQ to assess dietary exposure, which has measurement errors and might not be the best method to assess the intake of some micronutrients (e.g. Se, Fe and folic acid). In any case, in large epidemiological studies, the FFQ is the most practical and feasible tool to evaluate diet outcome \[[@CR55]\]. Besides, there was a difference in the way to fill the FFQ_0 (paper) and the FFQ_10 (by internet), that could introduce a systematic error in our results. However, they contain exactly the same items and portions. Third, the SUN cohort only includes university graduates and its sample is not representative of the general Spanish population. This characteristic may affect the generalizability of our findings to other groups of individuals or to other populations. However, it could also have actually enhanced its internal validity because the high level of education and the homogeneity of socioeconomic status of participants reduced the potential confounding. Fourth, it is possible that SUN participants were particularly aware of their diet because of general study participation and the administration of dietary recall methods, which resulted in improvements of their dietary habits (Hawthorne effect). However, although the bias toward nutrition-conscious participants is a well-known problem in volunteer participants, most of our observed changes were minimal and some of them were even contrary to expectations, such as the apparent decrease in legume consumption. Fifth, the total dietary intake of micronutrients could be probably underestimated, as we calculated the average intake of micronutrients including the intake from foods and from dietary supplements, but without considering the intake from medication that participants might be consuming or from fortified foods, hardly included in the food composition tables. Sixth, we used two of the most important Spanish food composition tables to translate food frequency consumption into micronutrient intakes, which might be a source of variation in our results. Seventh, we could not identify changes due to consumer choices, food composition and those that are inherent in the study methodology. However, although it is difficult to separate clearly all these changes and they may have occurred in parallel. Finally, as in any observational study, potential residual confounding could not be ruled out.

Conclusions {#Sec8}
===========

In conclusion, the changes in specific food groups generally supported a change to improved diet quality and in line with recommendations by health promotion messages, although other changes suggest the opposite, and perhaps additional strategies will be needed. This study suggests that dietary intake is changeable and that disease prevention measures can be implemented in adulthood. More evidence from studies that assess changes in dietary quality in longitudinal studies is required to corroborate these findings or to evaluate determinants of dietary changes. The SUN study provides a unique opportunity in a Mediterranean country to investigate whether the nutrient intake of individuals changes significantly during adult life. Finally, observational studies always imply a minimal degree intervention that contribute to improve the dietary habits and lifestyle of participants.
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